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Summary
We applied a broadband white light continuum to a differential absorption lidar (DIAL)
technique for simultaneously detecting O2 and H2O profiles. We also proposed a method
for retrieving H2O profiles by considering wavelength differences of the extinction and
backscatter coefficients. These results show that for H2O distribution retrieval one
needs to reduce the effect of aerosol temporal variations by a long time accumulation
or simultaneous detection of On- and Off-wavelengths.
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Fig. 2 White light spectra converted in the Kr gas cell 
(upper) and air (lower).
White Light Lidar System
Recent progress in high-power femtosecond laser technology
based on chirp pulse amplification enables a tabletop TW class laser
system, which can generate a coherent continuum light ranging from
UV to IR. White light lidar systems offer numerous advantages over
conventional lidar systems, which just use a specific wavelength for
atmospheric probing. We have developed and constructed a white
light lidar system since 2000.
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Furthermore, this white light source
produces a continuous spectrum
containing the infrared regions, and has
potential applications for a differential
absorption lidar (DIAL) or a differential
optical absorption spectroscopy
(DOAS). The white light minimizes the
time spent on laser development and
has the potential to be used to
perform DIAL or DOAS measurements
of several molecular species
simultaneously.
In order to retrieve H2O distribution, we need to reduce the effect of aerosol temporal
variations by a simultaneous detection of On- and Off-wavelengths. Thus, we apply 32
channel linear-array PMT to white light DIAL system.
We demonstrated the simultaneous detection system by measuring the white light
spectrum generated by focusing the femtosecond laser pulses into water . Fig. 6(a)
shows schematic diagram of experimental setup. The spectrum is observed by varying
the center wavelength of the spectrograph, and wavelength period is dependent on the
dispersion of grating (1800 g/mm). Fig. 6(b) is the white light spectrum taken by the
DOAS Measurements of CO2
CO2 gas has the spectral absorption lines in the IR region as shown in Fig. 3(a). The
DOAS experiment was done with the maximum L = 452 m (Fig. 3(b)). The white light
was transmitted horizontally and reflected from six mirrors to achieve the long path
length. The light paths are located at a height of 1 m above the ground. In addition, in
situ CO2 sensor measurements were conducted using LI-820 CO2. The average CO2
concentration was 398 ppm during measurements.
Fig. 3(c) shows the DOAS measurements over L = 452 m. The strong absorption
retrieved at 1900-1950 nm is mainly due to H2O. The CO2 transmission spectra near
2000 nm were detected by our white light DOAS system. Also, we report DOAS
measurements of CO2 based on compact, commercially available supercontinuum.
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Fig. 3 (a)Infrared portion of the white light continuum in 9 m gas cell (CO2 1 atm), (b)Schematic diagram of the DOAS
experimental setup, and (c)CO2 transmission spectrum near 2000 nm for L = 452 m.
White light continuum has spatial and frequency coherence and carries intensities over
several kilometers and is utilized as an ideal light source for lidar. In addition, the white
light has a linear polarization in the same polarization direction as the fundamental, and
we have developed the depolarization lidar system for monitoring the Asian dust.
DIAL Measurements of O2 and H2O
In order to demonstrate DIAL measurements using a white light continuum, we
performed the lidar measurements of O2 and H2O having the absorption lines in near IR
region with relatively high intensity of the white light continuum. Fig. 5(a) shows a
schematic diagram of the white light DIAL system. The white light continuum was
transmitted through the atmosphere collinearly to the axis of the receiver telescope
with a 30 cm diameter . Backscattered light was passed through bandpass filters (H2O
On: 725 and 730 nm, H2O Off: 750 nm, O2 On: 760 nm, O2 Off: 780 nm) as shown in
Fig. 5(b), and was detected by a photomultiplier tube. The detection wavelengths were
selected consecutively by rotating the filter wheels that contain five bandpass filters
with an interval of 1 minute.
The white light DIAL was operated during the Asian dust event of 2 May 2011 in
Osaka. Fig. 5(c) shows 30-minutes period, range squared corrected simultaneous
backscattering profiles at 725, 730, 750, 760, and 780 nm wavelengths. Each profile
was an average of consecutive 500 shots in 1 minute. Backscattering peaks
corresponding to 0.8 km in height was caused by the Asian dust. We observed almost
the same profile in all channels.
Fig. 4 (a) Schematic diagram of the white light DIAL system, (b) H2O and O2 absorption spectrum calculated by HITRAN 
database and transmission properties of filters used in this system, and (c)Range squared corrected backscattering 
profiles at 725, 730, 750, 760, and 780 nm.
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H2O Profile Retrieval Algorithm for 
White Light DIAL
We proposed a method for retrieving H2O distribution profiles by considering
wavelength differences of the extinction coefficient α and backscatter coefficient β.
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H2O On- and Off-wavelength lidar
signals calculated from NIES lidar data.
The radiosonde data (H2O mixing ratio)
at close time to our lidar measurements
at Tsukuba and Shionomisaki station
are plotted in Fig. 5 (b) and (c) as a
reference, respectively. Fig. 5(b)
shows the H2O mixing ratios of
different correction algorithms. In the
conventional method (No correction),
the ratio shows different features as
compared with the radiosonde H2O
profiles. However, by the addition of
α+β correction, the retrieval ratios
are in good agreement with the
radiosonde H2O profiles.
Fig. 5(c) is H2O On- and Off-
wavelength 5-minutes averaged lidar
signals from white light DIAL. We
applies the α+β correction to
retrieve H2O mixing ratio, but the
obtained ratios are not in good
agreement with the radiosonde data.
This is due to the effect of aerosol
temporal variations at On- and Off-
wavelength observations.
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Firstly, we demonstrated this method using Mie scattering lidar data at 532 nm
measured by National Institute for Environmental Studies (NIES). Fig. 5 (a) shows the
Fig. 5 (a) H2O On- and Off-wavelength lidar signals calculated
form NIES lidar data. (b) H2O mixing ratios of NIES lidar data by
different correction algorithms, (c) Lidar signals from white light
DIAL, and (d) H2O mixing ratios of white light DIAL by α+β
correction algorithm,
800 nm, 200 µJ, 100 fs
Water
32 channel linear-array PMT
Femtosecond laser
Fig. 6 (a) Schematic diagram of white light spectral measurements using the 
32 channel linear-array PMT and (b) white light spectrum using 32 channel 
linear-array PMT. 
0
5
10
15
20
25
30
700 710 720 730 740
In
te
ns
ity
 (c
ou
nt
 a
rb
. u
ni
t)
Wavelength (nm)
(b)(a)32 array PMT. It is
capable of simultaneous
detection of H2O On-
and Off-wavelengths. In
the near future, we plan
to conduct the white
light DIAL using this 32
array PMT detection
system.
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